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Abstract：PolycrystallinesamplesofNdRh3Bxhavebeensynthesizedbyarcmeltingtechnique・Thecrystal
structureofNdRh3Bjristheperovskite-typecubicsystem(spacegroupPm3m)fornominalboronconcentration
intherangeof0.706二x≦LOOO(15-20mol・％Ｂ).Thelatticeparameteravarieslinearlyfrom0.41749(7)nｍ(ｘ
＝0.706)ｔｏ0.42136(6)ｎｍ(x＝1.000).Thermogravimetricanalysisindicatesthattheoxidationonsettempera‐
turefOrNdRh3BLooois663KTheweightgainofthesamplebyheatinginairuptol473Kisl0.00％forNdRh3
B1・Coo,andoxidizedproductsareRhandNdB０３.Themicro-Vickershardnessis49±０．０５GPaforNdRh3BLooo，
NdRh3BLoooshowsametallictemperaturedependenceoftheresistivitydownto0.5Ｋ.Magneticsusceptibilities
forNdRh3B1・oooshowCurie-likeparamagnetictemperaturedependenceduetoNd3＋moments・Ｎｏｔｒａｃｅｏｆｍａｇ‐
neticphasetransitionsandsuperconductivityisfound．
Keywords：ＮｄＲｈ３Ｂ；Microhardness；Oxidationresistanceinair；Electricproperty；Magneticproperty
chemicalpropertiesofthesecrystalshavebeenreported
[3,41
Manystudiesofperovskite-typeoxideshavebeenper-
formedduetotheinterestingfeaturesinthesuperconduct-
ingtransition，theinsulator-metaUictransition，ｉoncon-
ductioncharacteristics，dielectricproperties，andferro-
elasticity，Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，therehavebeenfewstudies
onnon-oxideperovskite-typecompounds[5,6]・
WehavepreviouslypreparedRERh3B（ＲＥ＝Ｌａ，Ｇｄ
ａｎｄＬｕ)byarc-meltingsyntheticmethod[7,8],whereLa，
ＧｄａｎｄＬｕａｒｅｔｈｅｆｉｒｓｔ，middleandlastelementsofthe
lanthanoids,inwhichREispositionedattheeightcorners
ofthecube，Rhisface-centeredandBisbody-centered
TheB-deficientcompounds，ＲＥＲｈ３Ｂｘ，ｃａｎａｌｓｏｂｅｏｂ－
ｔａｉｎｅｄＴｈｅＢｃｏntentvariationinduceschangesinthe
electromagneticproperties，hardnessandchemical
resistanceagainstoxidationinairathightemperature
lnthisstudy,wefocusedonthelessthanhalfelemｅｎｔｏｆ
Ｎｄ(atomicnumber60)inthelanthanoids・Wesynthesized
theperovskite-typecompoundNdRh3Bx、Thesolidsolu-
tionrangeofboronintheNdRh3BJrisclarihedbypowder
X-raydifIraction(ＸＲＤ)analysis,andthevariationofthe
latticeconstantofthesampleisinvestigatedasafUnction
oftheboronconcentrationx､Vickersmicrohardness(且,）
andthermogravimetricanddifferentialthermalanalysis
(TG-DTA)measurementswereperformedonthesamples・
Thetemperaturedependenceoftheelectricalresistance
andmagnetizationwasstudiedforthesamples、
２．Experimental
２．１Samplepreparation
PolycrystallinesamplesofNdRh3Bxweresynthesizedby
thearcmeltingmethodusing99.9％pureNd,ＲｈａｎｄＢａｓ
１．Introduction
Therareearthelement（RE)‐platinumgroupelement-
boronsystemshavereceivedconsiderableattentionfrom
manyresearchersinthefieldsofcrystallography，mag-
netism，superconductivity，heavy-electronbehaviorand
valenceHuctuations、Particularly，ｔｈｅdiscoveryofthe
ErRh4B4compound,whichisare-entrantsuperconductor，
hasdrawnmuchattentiontotheseternarysystems［1,2]、
WehavepreviouslypreparedsinglecrystalsofsevCral
compoundsbymoltenmetalfluxmethod，ｕｓｉｎｇＣｕａｓａ
ｆｌｕｘ・TheyareErRh3B(cubicsystem,spacegroup:Ｐｍ３ｍ，
α＝0.4146,ｍ)，ErRh3B2（base-centeredmonoclinicsys-
tｅｍ,ErIr3B2type,spacegroup:α/、,α＝05355(1)ｎｍ,ｂ
＝0.9282(1)ｎｍ，ｃ＝0.3102(1)ｎｍ，β＝90.89(3)｡）and
ErRh4B4(simpletetragonalsystem,spacegroup:Ⅳ2/nmc，
α＝0.5304(1)ｎｍ，ｃ＝0.7395(2)ｎｍ)．Thephysicaland
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５rawmaterials、Thesewereweighedintheatomicratiol：
３：ｘ,whereｘ＝1.000(20ｍＯＬ％Ｂ)，0.848（17.5mol・％
B)，0.706（１５ｍo1.％Ｂ)，0.444（１０ｍ01.％Ｂ)，0.210（５
mol・％Ｂ),ａｎｄＯ(OmoL％Ｂ).Themixtureofthestarting
materials，ａｂｏｕｔ２ｇｆｏｒｅａｃｈｓａｍｐｌｅ，wasplacedina
water-cooledcopperhearthinareactionchamber・Argon
wasusedasaprotectiveatmosphereThepressureinside
thechambｅｒｗａｓ～１atlnAsmallamountofresidual
oxygeninargonwaseliminatedbyfusingabuttonof
titaniumasareducingagenLThestartingmateｒｉａｌｓｗｅｒｅ
ｔｈｅｎｍｅｌｔｅｄｆｏｒ３ｍｉｎｂｙａｎａｒｇｏｎａｒｃｐｌａｓｍａＨａｍｅｗｉｔｈ
ＤＣｐｏｗｅｒｓｏｕｒｃｅａｔ２０ＶａｎｄｌＯＯＡ，Thesampleswere
thenturnedoveranｄｍｅｌｔｅｄｔｈｒｅｅｔｉｍｅｓｕｎｄｅｒｔｈｅｓａｍｅ
conditions，Finally，synthesizedsampleswerewrappedin
tantalumfoilandannealcdatl573Ｋｆｏｒ２０ｈｕ､dervacu-
umtoensurehomogeneity、
２.ZChnmcterizmtion
Forchemicalanalysis，ｔｈｅｓａｍｐｌｅｓｗｅｒｅｆｕｓｅｄｕｓｉｎｇ
ＮａＨＳＯ４asaHuxreagent,thentheobtainedmaterialwas
dissolvedintoHCLThechemicalcompositionofeachso-
lutionwasanalyzedbytheinductioncoupledplasma
atomicemissionspectrometｒｙ(ICP-AES)method,using
ZnasinternalstandardCrystalstructurecharacterization
oftｈｅｓａｍｐｌｅｓｗａｓｐｅｒｆｏｒｍｅｄｂｙＸＲＤ,Themicro-Vickers
hardnessforthesampleswasmeasuredatroomtempeｒａ－
ｔｕｒａＡｌｏａｄｏｆｌＯＯｇｗａｓａｐｐｌｉｅｄｆｏrl5sandlOimpres-
sionswererecordedforeachsampleTheobtainedvalues
wereaveragedandtheexperimentalerrorwasestimated
ThermogravimetricanalysisanddifTerentialthermalanal-
yslswereperformedbetweenroomtemperatureandl473
Ktostudytheoxidationresistanceofthesamplesinair､Ａ
ｓａｍｐｌｅｗａｓｈｅａｔｅｄａｔａｒａｔｅｏｆｌＯＫ/ｍｉｎｕｐｔｏｌ４７３Ｋ・The
oxidationproductswereanalyzedbypowderX-ray
difTTactometry,Theelectricalresistivityofthesａｍｐｌｅｓｗａｓ
ｍｅａｓｕｒｅｄｂｙｍｅａｎｓｏｆａＤＣｆourprobemethodfromO5
Ktoroomtemperature,Themagneticsusceptibilitymeas-
urementswereperformedinaheldｏｆ５００００ｅｕｓｉｎｇａ
ｃｏｍｍｅｒｃｉａｌＳＱＵＩＤｍagnetometer(QuantumDesignlnc.，
MPMS-5）from5Ktoroomtemperature、
３．Resultsanddiscmssion
３．１Appearancemndchemicnlcolnpositionofsynthe-
sizedlnateriHl
SincetheboilingpointsofNd，ＲｈａｎｄＢａｒｅｈｉｇｈａｔ
３３７３，４２３３ａｎｄ２８２３Ｋ，respectively，cvaporationcanbe
neglected[9］Accordingly,wejudgethatthearcmelting
methodissuitableforthesynthesisofNdRh3Bx・Ｓａｍｐｌｅｓ
ｏｆＮｄＲｈ３ＢｘｏｂtaincdbyvaryingtheBcontentxwereall
silverincolorandexhibitedametallicluster,Theresultof
chemicalanalysisshowsthatthechemicalcompositions
beforeandaftersynthesisarealmosｔｔｈｅｓａｍｅ、Inaddi-
tion，contaminationfromtheelectrode（tungsten）and
hearth(copper)couldbedisregardedinthisstudy、
３．２RelationshipbetweenthenonstoichiometryofB
gmdthelHtticeconstnntofNdRh3BXsalnples
ThecrystalstructureanalysisonNdRh3Bxsampleswith
aBcontentofx＝１.OOObypowderXRDrevealsthatitisa
Fig.１．Arrangementofatomsintheperovskite-typeNdRh3B，
Largegray，largeopenandsmallblackcirclesrepresent
Nd，ＲｈａｎｄＢａｔｏｍｓ，respectively．
づ．ご己扇后旨】
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Fig.2.powderXRDproiilesforNdRh3Bxwithx=1.000,x=
0.8484,ｘ＝0.706,ｘ＝0.444,ｘ＝0.Ｚ１０ａｎｄｘ＝Ｏ・These
arenominalcompositions・Ｉｎｔｈｅｃａｓｅｓｏｆｘ＝0.706,ｘ＝
0.444ａｎｄｘ＝０．２１０，ａｍｉｘｔｕｒｅｐｈａｓｅｏｆＮｄＲｈ３Ｂｘａｎｄ
ＮｄＲｈ可ｉｓｆｏｒｍｅｄ．
perovskite-typccompound(spacegroup:Ｐ'"3ｍ)inwhich
NdispositionedattheeightcornersofthecubqRhis
facecenteredandBisbody-centered(Fig.１).Byvarying
x,thenonstoiChiometryofBandtheresultingchangeof
thecrystalstructurewerestudiedFig・Ｚｓｈｏｗｓｃｈａｎｇｅｓｏｆ
ｔｈｅｐｏｗｄｅｒＸＲＤｐatternswhenxisvaried・Withdecreas-
ingx，theXRDpeaksoftheperovskite-typephaseare
shiftedtohigherangles・Ｉｎｔｈｅｃａｓｅｓｏｆｘ＝0.706,0,444
and０．２１０，ｔｗｏｐｈａｓｅｓｏｆＮｄＲｈ３ＢｘａｎｄＮｄＲｈ３ａｒｅob-
served・
Ｆｉｇ．３showstherelationshipbetweenxandthelattice
constantofNdRh3Bx・Thelatticeconstantchangesalmost
linearlywithx,varyingfromα＝0.41749(7)ｎｍ(x＝0.706）
ｔｏα＝0.42136(6)ｎｍは＝LOOO).Tablelshowsthelattice
parameterｓｏｆｔｈｅＮｄＲｈ３Ｂｘ・Accordingly，ＮｄＲｈ３Ｂｘｅｘｉｓｔｓ
ｉｎａnonstoichiometricrangeof0.706≦Ｘ≦1.000．Mean-
while，accordingtoourexperimentalresultsforLaRh3Bx，
theperovskite-typecompounddoesnothavcB-non-
stoichiometry，whichindicatesthatx＝１．Ｉｎｔｈｅｃａｓｅｏｆ
ＧｄＲｈ３ＢｘａｎｄＬｕＲｈ３Ｂｘ,B-nonstoichiometryrangeswithin
0.55≦ｘ≦１．００ａｎｄ0.30≦ｘ≦1.00,respectively,Theafore-
mentionedresultsarelistedinTable2AsshowninTable
2，BexhibitsnononstoichiometryintｈｅｃａｓｅｏｆＲＥ＝Ｌａ．
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Table3VickershardnessoftheNdRh3Bx
０４２４ Hardness，
ＧＰａ
Ｓａｍｐｌｅ
(at・％ofboron）
NdRh3BLooo(２０)a
NdRh3Bo848(17.5)ａ
RhB(50)b
Rh7B3(30)ｂ
４．９±0.05
４．３±0.2
12.1
７．８
0.422
目へのＰＫｐＩｐ
0.420
aCubicsystem，
bHexagonalsystem．０４１８
Table４VickershardnessoftheRERh3BLooo0.416
Ｓａｍｐｌｅ
ＲＥＲｈ３ＢＬｏｏｏ
ＲＥ
ＡｔｏｍｉｃH…s`『adiMRE潔藷ＭｅｒｅｎｃｏＧＰａ （nｍ）100.8０．６０．４０２0.0
Bconcentrationx
Fig、３．ThevariationoflatticeconstantaasafUnctionofboron
concentrationxinNdRh3Bx．
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TablelLatticeparameteroftheNdRh3Bx
thecompound[10]・Thistendencyofbinaryboridesises-
sentiallyinagreementwithourdataonternaryborides，
WethenfocusedononlystoichiometricRERh3BLooo・The
hardnessintheseriesofRE＝Ｌａ,Ｎｄ，ＧｄａｎｄＬｕｉｓｌｉｓｔｅｄ
ｉｎＴａｂｌｅ４・Hardnessincreaseswithdecreasinｇａｔｏｍｉｃｓｉｚｅ
ｏｆｔｈｅＲＥｉｎＲＥＲｈ３ＢＬCoo，itbecamegreaterwithincreas-
ingｄｅｎｓｉｔｙｏｆｉｔｓｅｌｆＩｎａｌｌｃａｓｅｓｏｆＲＥ＝Ｌａ，ＮｄＧｄａｎｄ
Ｌｕ，hardnessofthecompounddecreaseswithdecreasing
theboroncontentxｉｎＲＥＲｈ３ＢｘｌｎＧｄＲｈ３Ｂｘ，forexam-
ple，boronnonstoichiometryrangesbetween0.55≦ｘ≦１
andhardnesschangesfrom4.Ｏ±０．１ｔｏ６．８±０．１ＧＰａ，
respectively、
３．４ResistancetooxidationofNdRh3BLooo
Westudiedhowtheresistancetooxidationinair,which
reHectsthenatureofthechemicalbondsofthecompound，
variedwiththeBcontent・Ｓａｍpleswereheateduptol473
Kinairandsubjectedtothermogravimetricanddifferen-
tialthermalanalyses(TG-DTA).AsshowninFig､４，TG
analysisrevealsthatoxidationｂｅｇｉｎｓａｔ６６３Ｋ・Maximum
weightgainsduetooxidationarel1.76％atl223KFinal
weightgainsarelOO0％atl473KAvolatilematter,for
exampleB203，ｓｅｅｍｓｔｏｂｅｆｏｒｍｅｄａｂｏｖｅｌ２２３Ｋ、DTA
revealsexothermicpeaksat8Z3ａｎｄ９２７Ｋ.Astudyofoxi-
dizedproduｃｔｓｂｙｔｈｅｐｏｗｄｅｒＸＲＤｍｅｔｈｏｄｓｈｏｗｓｔｈatthe
productsareRhandNdBO3・ＴｈｅｒｅｓｕｌｔｓｏｆＴＧ－ＤＴＡａｒｅ
ｌｉｓｔｅｄｉｎＴable５．
３．５ResistivityandmagneticsusceptiｂｉｌｉｔｙｏｆＮｄＲｈ３
ＢＬｏｏｏ
Ｆｉｇ５ｓｈｏｗｓｔｈｅtemperaturedependenceoftheelectric
resistivityofNdRh3BLooo・Thesamplemeasuredexhibits
metallicbehavioｒｆｒｏｍｒｏｏｍｔｅｍｐｅｒａｔｕｒｅｄｏｗｎｔｏ0.5Ｋ．
NosuperconductivityappearsatthelowesttemPerature・
Ｆｉｇ．６showsthetemperaturedependenceofthemagneti-
zationofNdRh3B,､oooinafieldH＝５００００e・Magneticsus-
ceptibilitiesforNdRh3BLoooshowCurie-likeparamagnetic
Lattice
prameter
a9nnl
Ｓａｍｐｌｅ
(at・％ofboron）
Ｅｒｒｏｒ
ｎｎ１
NdRh3BLooo(20）
NdRh3Bo848(17.5）
NdRh3Bo7o6(15）
NdRh3BO444(10）
NdRh3Bq210(5)
0.41236
0.41927
0.41749
0.4179
0.４１７５
０．００００６
０．００００８
0.00007
0.0001
0.0001
Table2BoronnonstoichiometryintheRERh3Bx（ＲＥ＝Ｌａ，
Ｎｄ,Ｇｄ,Ｌｕ）
ＲＥＲｈ３Ｂｘ
ＲＥ
Boronnonstoichiometry
rangeofx Reference皿
川
田
皿
１
１
１
く一く一く一
Ｘ
Ｘ
Ｘ
く一く一く一
１
１
５
０
’
’
７
ｓ
３
Ｘ
０
０
０
［8］
Ｔｈｉｓstudy
［7］
［8］
ＬａｈａｓｔｈｅｌａｒｇｅｓｔａｔｏｍｉｃｒａｄｉｕｓａｍｏｎｇａｌｌｔｈｅＲＥｅｌｅ－
ｍｅｎｔｓ，whileBgraduallybecamenonstoichiometricasthe
atomicradiusisdecreasedintheorderofNd,ＧｄａｎｄＬｕ・
ElectronegativityoftheREelementschangesfromL1
(La)ｔｏ1.2(Lu).ElectronegativityoftheREatomsseems
toalsoaiTectboronnonstoichｉｏｍｅｔｒｙｏｆｔｈｅＲＥＲｈ３Ｂ”
３．３RelationshipbetweenBcontentandhardnessin
NdRh3Bjr
WestudiedthehardnessofNdRh3Bx,whichreHectsthe
natureofthechemicalbonding・Table3showsthatthe
microhardnesｓｏｆｔｈｅｃｏｍｐｏｕｎｄｉｓ４､３±０．２ａｎｄ４．９±0.Ｏ５
ＧＰａｗｈｅｎｘ＝0.848ａｎｄ1.000,respectivelylnaprevious
study,ａｓｓｈｏｗｎｉｎＴａｂｌｅ３，thevalueofmicrohardnessfor
anRh-Bbinarysystemincreasedwithboroncontentof
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Fig.６．Temperaturedependenceofthemagnetizationof
NdRh3BLoooinH＝５００００e､Theinsetshowsthetemper-
aturedependencyofinversesusceptibility．
behavior・Notraceofmagneticphasetransitionsandsu-
perconductivityisfounddownto0.5Ｋ．Theinsetshows
thelineartemperaturedependenceoftheinversesuscep-
tibility、TheeffectiveBohrmagnetoniscalculatedtobe
about3､Sfromtheinitialslope・Ｔｈｉｓvalueisclosetothe
theoreticalonｅ(3.62)ofNd3＋ion、
４．Conclusions 4．Themicro-Vickershardnessis49±0.Ｏ５ＧＰａｆｏｒ
ＮｄＲｈ３ＢＬｏｏｏ、
5．NdRh3BLoooshowsametallictemperaturedependencｅ
ｏｆｔｈｅｒｅｓｉｓｔｉｖｉｔｙｄｏｗｎｔｏ０．５Ｋ．
6．MagneticsusceptibilitiesfOrNdRh3BLoooshowCurie-
likeparamagneticbehaviorduetoNd3＋moment・No
traceofmagneticphasetransitionsandsuperconduc-
tivityisfounddownto５Ｋ．
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ペロブスカイト型NdRh3Bのホウ素固溶範囲および性質
岡田繁*Ｍ・工藤邦男*2・飯泉清賢*3・
中嶋一雄*4・宍戸統悦*５
和文概要多結晶体NdRh3Bxはアークメルト法で合成した。NdRh3Bxの結晶構造は0.706＝Ｘ二1.000
(15-20ｍo1.％Ｂ）のホウ素濃度範囲でペロブスカイト型立方品系（空間群Ｐ加乃"）である。格子定数αは
0.41749(7)nｍ(X＝0.706）から0.42136(6)nｍ(X＝1000）に直線的に変化する。ＴＧ分析ではNdRh3BLoooの
酸化開始温度は663Ｋである。また、空気中で1473Ｋに加熱した時のNdRh3BLoooの重量増加率は10.00％
で、酸化後の生成物はＲｈとNdBO3である。NdRh3BLoooのビツカース微小硬さは4.9±0.O5GPaである。
室温から0.5Ｋまでの低温度域でのNdRh3BLoooは金属的な振る舞いをしている。NdRh3BLoooの磁化率は
Ｍ３+モーメントに依存した漸近キュリーの常磁性温度を示す。その化合物は磁気の相転移と超伝導体を示
さないことが理解できた。
